de las patentes españolas, así como un output innovador per capita 47% mayor que la media nacional y 31% mayor que los sistemas productivos manufactureros de gran empresa. Las estimaciones econométricas de un modelo de efectos fijos confirman la existencia de un efecto-distrito en innovación (efecto I-distrito) y su dimensión. El efecto I-distrito se asocia principalmente a la presencia de economías de localización marshallianas.
Keywords are: distritos industriales, innovación, economías externas, efecto distrito universities. However, the complexity of the innovation process and the multiplicity of ways to innovate can make innovations the outcome of non programmed mechanisms and interaction between productive units located in specific environments. During the course of research of the spatial impacts of universities in Spain, we observed the extraordinary intensity of patent generation in Spanish industrial districts in relation to large-firm manufacturing and service local production systems. Local development theories, and in particular Marshall-Becattini's paradigm of the industrial district provided a "normal" framework to explore the causes of this differential. In this paradigm, the unit of analysis is displaced from the firm or the sector to the territory.
INNOVATION ET DISTRICTS INDUSTRIELS : UNE PREMIERE APPROCHE DE LA MESURE ET DES DETERMINANTS DES EFFETS DES DISTRICTS
Our intention is not to validate or to subject to falsification the theory of the industrial district or a part of this theory. The main question is why Spanish Marshallian industrial districts show higher rates of innovation per capita than the country's other local production systems (LPS). Departing from the literature on industrial districts, we can focus on three hypotheses, representing three complementary approaches to the industrial district. Following BAGNASCO and TRIGILIA (1984) , we can centre on the interaction between market, institutions and policy. Following BRUSCO (1975; 1991) , we can focus on a network of small and medium enterprises (SME) characterized by heterogeneous production functions which result in higher rates of technical efficiency (static and dynamic). Finally, following MARSHALL (1890) and BECATTINI (2001) , the external economies are at the basis of the system of innovation in industrial districts. Although the three approaches provide suggestive and complementary explanations, we will focus on the mechanism that interests us most: the original Marshall -Becattini explanation relying on external economies. Our hypothesis is that higher rates of innovation per capita of Spanish industrial districts are explained by external economies. The objective is to quantify the differential effect of the industrial district on innovation (the I-district effect) and to test whether this effect is explained by external economies.
Given the importance of innovation for competitiveness and the arguments that present industrial districts as a model of mature industries based on costs, the results we present can help throw some light on some points related to this issue. Besides transferring the measurement of the "district effect" to innovation, the research introduces certain contributions such as the use of exhaustive databases and the division of the country into seven types of LPS so that the differential effects are compared not only with the national mean but also with the manufacturing LPS of large firms, large metropolitan areas, service LPS, etc.
The paper is structured as follows. The second section introduces the theoretical framework relating industrial districts, innovation and the district effect. The third section presents the typology of LPS and the first evidence of the I-district effect. The fourth section introduces a modification of Griliches' empirical model in order to measure the I-district effect and its causes, and presents the results of the econometric estimates. The fifth section presents the conclusions.
INDUSTRIAL DISTRICTS, INNOVATION AND THE "DISTRICT EFFECT"
2.1 Industrial districts F o r P e e r R e v i e w O n l y 6 MARSHALL (1890) documented the existence of a form of organization of production based on the concentration, in some districts of English industrial cities, of people and SME's specialized in the different stages of a production process. In these "industrial districts", internal scale economies were substituted by external economies related to the existence of qualified workers, specialized suppliers and an informal system of knowledge diffusion. The figure of the Marshallian industrial district was recovered by BECATTINI (1975) to explain the success of the specialized local production systems of SME in the Italian region of Tuscany at the same time that the large-firm productive model of Turin and Milan was at serious crisis. BECATTINI (1990) transferred the unit of analysis from the "firm" or the "sector" to the "industrial district", a "social and territorial entity that is characterized by the active presence of both a community of people and a group of enterprises in a natural and historically determined area". From the late 1970s, the key elements of Marshallian industrial district theory have been addressed by Italian scholars (BECATTINI, 1990; BELLANDI, 2002; BRUSCO 1991; DEI OTTATI, 2002; LAZZERETTI and STORAI, 2003; SFORZI, 1989 ) and international literature (HARRISON, 1992; OKAMOTO, 2001; PIORE and SABLE, 1984; SENGENBERGER and PYKE, 1992) .
The most particular features of the industrial district are the "community" of people who live and work in the same locality, and the concentration of many small firms and workers specialized in the different phases of the same production process (filiere). Although small firms do not benefit from large scale economies as big firms do, the social organisation of the production into specialized localities produces external localization economies, which depend on conditions that are external to the firm and internal to the location. These advantages lead to reductions in costs and higher levels of productive efficiency producing the so-called "district effect".
Industrial districts and innovation
The literature on industrial districts highlights the way that the district model fosters the innovative ability of firms and helps promote the adoption of innovations 1 . PIORE and SABLE (1984) remark that continuous innovation is an intrinsic characteristic of industrial districts and a vital condition for their continuous change and growth. BELLANDI (1989; 1996) remarks that in industrial districts there is a "diffuse innovation capacity", an ability to learn from experience (learning by doing) and to innovate from it, which conceptually substitutes the R&D department of the Fordist large firm (learning by R&D). GAROFOLI (1989, p.81) highlights that technological and organizational innovation in industrial districts takes "the connotations of a continuous process, with accumulation and interdependence of the effects from a large number of technological changes, each small in its individual basis; therefore, the connotations of an incremental innovative process (à la Rosenberg), rather than through big steps (à la Schumpeter)", although with the special feature that they are not bound to a single firm but rather tend to diffuse inside the LPS at great speed by means of informal mechanisms. ASHEIM (1994) points out that the "industrial atmosphere" can support the processes of imitation, adaptation and diffusion of innovation in industrial districts; and that agglomeration economies support incremental innovations through informal learning-by-doing and learning-by-using mechanisms that are primarily based on tacit knowledge. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 The term "district effect" was coined by SIGNORINI (1994) to explain the higher rates of efficiency of firms located in industrial districts. DEI OTTATI (2006, p.74) defines the "district effect" as the "collection of competitive advantages derived from a strongly related collection of economies external to the individual firms although internal to the district". 1. A trained, specialized and flexible labour force: workers are more specialised and skilled in the local industry and in the different stages of the production process.
2. Specialized suppliers in all phases of the production chain: the spatial concentration permits the existence of specialized (and differentiated) firms at all stages of the production process, each forced to innovate in order to survive, reinforcing at the same time both integration and the links between them.
3. Knowledge spillover effects: the diffuse industrial culture, made up of a set of intangible elements pertaining to the LPS as a whole (entrepreneurship, cooperative spirit, technical know-how, knowledge socialisation) which Marshall referred to as an "industrial atmosphere". This allows knowledge to flow and allows firms in the district to benefit from higher rates of innovation and productivity. MARSHALL (1890; 1919) exposes other sources of local advantages related to the characteristics of the city, such as the size and income of the local market or the existence of other local specializations which can absorb the effects of external shocks affecting the district's specialization. Regional economics theories group these factors under the heading of "agglomeration economies", where the "localization economies"
are basically the Marshallian district economies and "urbanization economies" describe the effects of the size of the local market and the effects of cultural and productive diversity (not only as a shock-absorber but also as an element that fosters the production of new knowledge).
Empirical research of the "district effect" has taken two approaches: parametric and non-parametric. The parametric approach is based on the econometric estimations of an economic function such that the parameters can provide information about the The non-parametric approach used by HERNÁNDEZ and SOLER (2003) departs from the concept of Efficient Production Frontier and Data Envelopment Analysis (DEA) to obtain the inefficiency of each firm as the difference between its actual output and the maximum feasible output that can be obtained from the inputs used by the firm. Their findings for Valencia confirm the existence of a district effect for the firms located in industrial districts.
FIRST EVIDENCE OF THE I-DISTRICT EFFECT

Measurement of innovation
The measurement of innovation is a widely discussed topic in the literature and there is no agreement as to which indicator is the most appropriate (GRILCHES, 1990; ACS et al., 1992) . Usually, innovation indicators are divided into "input indicators" (R&D expenditure or jobs) and "output indicators" (patents, new product announcements). The main inconvenience of the former is that they fail to take into account activities related to contextual knowledge, which are more important in smaller firms, underestimating its use patents as our innovation indicator, which offers the additional advantage of being able to discuss our results regarding the most extended empirical line.
In order to avoid yearly fluctuations and taking into account the lags in the outcome of innovation processes, the common practice is to consider data on innovation in periods of 4-5 years (GRILICHES, 1992) . We will focus on the data for the 2001 are LPS specialized in manufacturing and basically composed of SME (Table 1) .
Typology of local production systems in Spain
2. 66 manufacturing LPS of large firms, obtained from the procedure for the identification of industrial districts as those manufacturing systems which are specialized in large firms.
3. Other manufacturing LPS. There are 61 LPS obtained as a residual since they specialized in manufacturing although they are not classified as industrial districts or manufacturing LPS of large firms 5 .
We classify service LPS as those which, in the first stage of the SFORZI - 1. Marshallian industrial districts and the core of the largest metropolitan areas are determinant for the innovative capacity of the country (Table 2 ). The four cores specialized in services in the largest metropolitan areas (28% of the employment) (Table 3) .
2. Manufacturing LPS of large firms (10.9% of employment) account for 12.1%
of innovations. The innovative intensity is 256 patents per million employees a year, which is 11% above the national average but 32% below the industrial districts ( Table   2 ). The sum of metropolitan areas, industrial districts and manufacturing LPS of large firms is 78% of total innovations in Spain and tends to be spatially concentrated, as shown in Figure 1 and Figure 2 .
3. The remaining LPS account for 22% of innovations generated in Spain and their innovative intensity is below the national average. The remaining manufacturing LPS account for only 0.6% of national innovations and their innovative intensity is 24% below the national average. Service LPS which do not pertain to a large metropolitan area have 16% of innovations and the innovative intensity is 36% below the national average. LPS specialized in Construction (2.2% of employment) generate 1.1% of total innovations with an innovative intensity that is 53% below the national average. Despite accounting for 41% of total LPS, those specialized in Primary and Extractive activities are the less innovative units with only 4.7% of total innovations, an innovative intensity 62% below the national average and 64% of the LPS that do not have any innovation (Tables 2 and 3 ). To test the existence of a district effect on innovation (I-district effect) and model its determinants, we need to relate this effect with some model of innovation. The most common specification in the literature is the knowledge production function introduced by GRILICHES (1979) and implemented by PAKES and GRILICHES (1984) 6 . This function relates innovation to R&D inputs. We modify the production function to also take into account other factors influencing innovative activity, such as in our case, external economies. Thus, the knowledge production function can be specified as:
where I stands for a measure of knowledge creation (innovation) in an LPS j, R is a measure of R&D activities, Z is a vector that collects other variables affecting innovation (e.g. external economies), ε is a nuisance, and γ, β and δ are parameters.
An important issue is whether the district effect should be measured regarding the total number of innovations in an LPS or its relative intensity per capita. Most specifications of the empirical innovation function focus on the absolute number of innovations and after JAFFE (1989) it is common practice to include a variable of scale (e.g. population) to take into account the fact that the number of innovations is directly related to the size of the LPS. However, for the measurement of the district effect the relevant question is whether there are significant differentials in innovative intensity between the industrial districts and other LPS 7 . Thus, the output and the input factors are divided by the total number of employees in the LPS: 
We can also consider that the sources of innovation are related to idiosyncratic effects associated to each typology of LPS so that δ * = f(Z j ), and the equation can be specified as a fixed effects model:
Dependent variable
The dependent variable is the innovative intensity output (patents per employee) in LPS, expressed as an annual average per employee and using 2001 as the base year for employment.
Explanatory variables
Explanatory variables use 2001 data to reinforce causality and avoid simultaneity.
Following the theoretical model these are expressed in logarithms and can be interpreted as elasticities. They are divided into three groups: Higher values indicate higher specialization (less diversity) of the economic structure:
2.2. Specialized pool of manufacturing workers: represented by the share of manufacturing employment in the LPS. We associate a larger average of manufacturing workers with more specialized skills in the local manufacturing productions.
2.3. Specialized suppliers in the LPS. Following DUMAIS et al. (2002) , the presence of suppliers of sector i in the LPS j is:
, where is is is
where υ is is the share that sector i demands from the other sectors, and E zj is the local employment in the sector. These shares are obtained from the Spanish Input-Output Tables (INE) . The sum of these weighted sector employments are used to obtain a global indicator of the presence of suppliers in each LPS:
If S j is larger than one, employment in supplying sectors in LPS j (E ij ) is larger than the weighted sum of employment in supplying sectors (P ij ) so that the presence of suppliers is above the local requirements and indicates the existence of a powerful chain of suppliers.
2.4. Social organization of production, using as a proxy the social capital index developed by IVIE (PÉREZ et al., 2006) . This index is only available by province and informs whether the province has a level of social capital above, equal or lower than the national average. We assign the value of the province to an LPS.
2.5. Average of SME in the LPS, to control which model of organization of production is related to differentials in the innovative intensity. In the MarshallBecattini framework, the district effect should be related to SME:
, where E SME is the employment in SME.
3. Urbanization economies:
3.1. Total population in the LPS (from 2001 Census).
Density index, which interprets that a greater density of employment (E)
over population (N) is related to denser work-related networks, which generates higher 
Econometric evidence of the I-district effect
To test the existence of the I-district effect we estimated equations 3 and 4 as a panel of 806 LPS divided into seven typologies. The estimates were made in two stages: first, we tested for the existence of the I-district effect and its size and then modelled its determinants.
We estimated equation 4 by only introducing R&D variables, which are the inputs in the model 9 . After subtracting the effect of inputs, we can assume that the remaining differential is due to the characteristics associated to each type of production system. Thus, we introduce a fixed effects estimation of the model. The seven fixed coefficients capture the different performances of each typology and inform whether they are statistically different from the average LPS. Since there are 206 LPS without innovations for which logarithms can not be computed, there is some doubt about a possible selection bias in the sample. On the one hand, it can be argued that LPS without innovations belong to rural and very sparsely populated areas and their inclusion could introduce more economic problems than the statistical problems solve. This is reasonable since these 206 systems only have 3.5% of the Spanish employment and 67% of this employment belongs to Primary and Extractive LPS (41% of noninnovative LPS) (Table 3) . On the other hand, if we suspect that any selection bias is introduced, we can treat the problem as a censured sample and introduce a Heckman Regarding fixed effects, most of the coefficients decrease to almost zero and become statistically non significant. The exception is manufacturing LPS of large firms, where the coefficient becomes negative and statistically significant.
Next, we include urbanization economies (Table 5 , estimates 2.4 to 2.6). The
Population coefficient is small (-0.03 to 0.05), statistically non significant and negative except in the Heckman estimate, where the model detects that it is an important variable in the probability of having non-zero innovations. Density of jobs has a large coefficient (0.43 to 0.77) and suggests the existence of general spillover processes related to innovative performance. As expected, this variable is correlated with social capital (which has a lower coefficient and loses statistical significance).
We also test for the existence of other effects, mainly related to knowledge and creativity. However, no solid evidence is found between patent intensity and other knowledge variables such as knowledge-intensive manufacturing, knowledge-intensive The existence of spatial autocorrelation between LPS was tested on the basis of a spatial contiguity matrix and simultaneous spatial lag and error effects. Although some evidence of the existence of simultaneous spatial spillover processes is detected (the spatial lag is dominant), its inclusion does not significantly improve the model 13 .
[ INSERT TABLE 5] [ INSERT FIGURE 4] 5. CONCLUSIONS
The objective of the research was to explore the existence of higher rates of innovative intensity in the Spanish Marshallian industrial districts in the form of a "district effect"
(I-district effect) as well as its causes. Given the importance of innovation for competitiveness and the arguments that present industrial districts as a model of mature industries based on costs, the results we present, performed on the system of innovation of an entire country, throw some light on this issue. The differential effects are compared not only with the national mean but also with manufacturing LPS of large firms, large metropolitan areas, other manufacturing LPS, service LPS, agricultural LPS, and construction LPS . The main conclusions are:
1. There is robust evidence of the existence of an I-district effect. The
Marshallian industrial districts generate 30% of Spanish patents and an innovative intensity (patents per employee) of 47% more than the national average and 31% more 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 2 The use of patents as indicators of innovation can be influenced by the industrial specialization of the LPS and firm size distributions. GRILCHES (1990 and 1992) and KHAN and DERNIS (2006) provide further discussion on their advantages and limitations.
3 Our complete patent database includes 70,000 documents from 1991 to 2006. Patent counts include "utility models", a figure granted by the OEPM which is similar to the patent although legal requirements are less strict and protection covers only ten years. 4 Data treatment follows international standards: patents are located according to the first applicant with an address in Spain (inventor's address is not available for national patents); reference date is the oldest application data in any register because it is the closest to the invention date and does not introduce biases due to legal or procedural delays.
5 These include those LPS with the characteristics of an industrial district that BOIX and GALLETTO (2008) excluded because the number of employees in the main specialization was lower than 250 employees (considered too small), and also some LPS where manufacturing as a whole is of the average size of a large firm but without any large firm in the main specialization.
6 This framework facilitates to compare and discuss the results. The choice of the dependent variable (patents) was also related to comparability.
7 This follows the line of other research that has used relative indicators in the measurement of the district effect, e.g. productivity (SIGNORINI, 1994) or efficiency (HERNÁNDEZ and SOLER, 2003) .
8 R&D and employment data are taken from the INE. It is also possible to use hierarchical multilevel models to avoid the assignation although the hypothesis introduced for the data generates other restrictions. We control the results by using additional data on R&D&i grants and loans provided by the Ministry of Industry (CDTI and PROFIT databases). 10 Additional controls of the functional form of the model and the relation between the dependent and explanatory variables were introduced. The log-linear specification without non-linearities proved to be the most suitable specification.
11 In fact, in industrial districts the average firm size is larger than in most of the other non manufacturing systems.
12 In Spain more dynamic environments such as industrial districts provide numerous job opportunities for young people so that the necessity of higher levels of education to get work is not perceived. This result should not be interpreted as a direct indicator of the impact of contextual knowledge on innovation although it suggests the importance of contextual knowledge mechanisms (learning-by-doing, on-the-job training, etc.) to make up for the lower levels of standard-educated people.
13 When the data is pooled, the spatial lag (ρ=0.14) is statistically significant although it does not improve the fit. When fixed effects and external economies are included, the lag decreases to ρ=0.08 and again the most parsimonious model is preferred. This weak evidence and Figure 2 suggest that the impacts of inter-LPS spillovers could be locally important in the East and North-East of Spain where industrial districts and Large Firm LPS are concentrated. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 
) is higher than those of Business services and Consumer services.
(2) For LPS non-specialized in manufacturing the specialization coincides with the largest LQ: Agricultural, Extractive, Construction, Business services, Consumer services, Social services, Traditional services.
(3) Largest LQ on firm size of the LPS corresponds to small or medium enterprises (4) Percentage of SME in the main industry (2 digits) above 50% 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 
